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SOME BINARY SYSTEMS WITH ACETAMIDE* 
BEN H. PETERSON 
This investigation was carried out with the aid of the Research 
Grant of the Iowa Academy of Science. 
The unusual solvent character of molten acetamide has been report-
ed by Stafford1 • As a solvent for inorganic salts it is very similar to 
water. The conductance of salts dissolved in acetamide closely re-
sembles that of acqueous solutions2• Organic compounds with the excep-
tion of some aromatic hydrocarbons are very soluble in molten aceta-
mide. 
The higher normal amides are quite similar in their solvent proper-
ties. In this investigation the freezing point-composition diagrams 
have .been determined for the binary systems, acetamide with pro-
pionamide, butyramide, valeramide, caproamide, and heptamide. The 
solubility of each amide in acetamide is compared with the ideal solu-
bility calculated from heat of fusion and heat capacity data. 
The acetamide was obtained from Niacet Chemical Corporation, and 
purified by the method used by Kumler and Porter". The other 
amides, Eastman's, were purified by successive crystallizations from 
ethyl acetate, and washed with dry, cold ether until the melting point 
remained constant. The melting point of acetamide. is vmiously re-
ported from 80° to 83 °. 
The purified compound used melted at 80° ± 0.01, which corresponds 
well with the value obtained by Kumler and Porter. 
EXPERIMENTAL METHODS 
The heat of fusion and heat capacities of acetamide were determined 
by the method of Andrews, Lynn and Johnston' using a twenty-four 
junction thermocouple. The apparatus and technic was practically 
as described by them. The data through the temperature ranges em-
ployed, 50° to 150° as the higher temperature, and 25° C. as the lower, 
adjusted by the method of least squares could be expressed by simple 
equations, that is, there is no variation of heat capacity through these 
temperatures. The heat of fusion at 80° C. is 3754 calories with an 
accuracy estimated to 30 calories. The heat capacity of the liquid 
form (Cpl) up to 150° is 39.67 calories per mole and that of the solid 
form (Cps) is 24.55 cals per mole. 
The crystallizing temperatures of the binary system samples were 
obtained as follows. The samples were carefully weighed into six inch 
test tubes, using· sufficient quantity to yield about one to one and one 
half inches of the melted material in the tubes. The materials were 
melted by immersing the tubes in a glycol bath at a temperature only 
a few degrees above the estimated melting point. The tube and con-
tents were then stoppered with a three hole cork through which passed 
a plunging stirrer of 3 mm. glass tubing looped at the end to enclose a 
calibrated Anschutz thermometer supported in a stopper in such a 
way that the entire thermometer scale was within the tube. The third 
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opening in the stopper was for adding minute crystals to "seed" the 
solution. The stirrer was arranged for mechanical stirring with ad-
justable speed and stroke. The tube and melted contents were placed 
in art unsilvered Dewar flask and the cooling curve values read by 
means of a magnifying lens. Temperatures could be read to 0.02° with 
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Fig. 1. Solubility curves for five aliphatic amides with acetamide. 
a= propionamide, b= heptamide, c= caproamide, d= valeramide, 
e= butyramide, l= ideal solubility. 
2
Proceedings of the Iowa Academy of Science, Vol. 50 [1943], No. 1, Art. 21
https://scholarworks.uni.edu/pias/vol50/iss1/21
1943] BINARY SYSTEMS 255 
component crystallizing out, a few tenths degree below the estimated 
freezing point, keeping super-cooling to a very small value. Results 
could be duplicated to the precision with which the thermometers could 
be read. 
The Binary Systems: The freezing point-composition data for the 
five binary systems are given in Tables I to V and are shown in Fig-
ure 1. The ideal solubility of that portion of the system from which 
acetamide is the crystallizing component, calculated from the equa-
tion, 
log N = -347.8 - 7.62 log T + 20.395 
-T-
is shown, compared with the experimental values in Fig. 1. 
The eutectic composition values obtained, expressed as mole frac-
tion acetamide, are, in order of increasing acetamide composition, pro-
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Fig. 2. The solubility curves for butyramide in acetamide showing 
the solubility in the two forms of acetamide. 3
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0.61; and butyramide, 0.660. This is the same as the order of increas-
ing values of the melting points of the second component with the ex-
ception of heptamide. Comparing solubility of the component other 
than acetamide at a definite temperature, 70°C, the values are in the 
same order, that of.increasing values of the melting points of the pure 
components. The deviation from the ideal solution of acetamide as the 
solvent, increases with increasing length of the carbon chain of the 
solute amide; the first three are very nearly ideal. 
In Figure 2 is shown the data given in Table II for the system pure 
acetamide to the eutectic with butyramide, in which the acetamide 
crystallizes at two different temperatures. The aliphatic amides are 
characterized by two melting points. If the melt is allowed to cool very 
slowly and seeded just below the lower melting point, the acetamide 
crystallizes out at a sharply defined temperature. To remelt, however, 
requires the higher melting point. Extrapolating the curve to pure 
acetamide gives 69.5°C. as the second melting point which is the value 
given in the International Critical Tables. The slopes of the two 
curves are slightly different, that of the lower melting solution show-
ing a higher heat of fusion if the heat capacities are assumed to be 
the same for the two forms. 
The freezing point-composition diagrams for the systems acetamide 
with propionamide, butyramide, valeramide, caproamide, and hepta-
mide show simple eutectics and solubilities dependent upon the melting. 
points of the "B" components. The solutions with acetamide as the 
solvent are very nearly ideal with the lower amides, deviating progres-
sively with increase in the length of the carbon chain of the solute 
amide. The molal freezing point constant of acetamide using various 
solutes has been reported varying from 3330 with naphthalene• to 4884 
with hippuric acid." The calculated value using the heat of fusion data 
is 3850. 
SUMMARY 
The heat of fusion and the heat capacity of liquid and solid aceta-
mide have been determined. The freezing point-composition diagrams 
of acetamide with five aliphatic normal amids have been investigated. 
The deviation from the calculated ideal solubility of these amides in 
acetamide is very slight for the three lower amides but quite appre-
ciable for heptamide. 
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Table No. I 





















Table No. II 
The Binary System Acetamide and Butyramide. 
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Table No. III 





















Table No. IV 
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Table No. V 
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